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ABSTRACT 

Lightweight materials are materials of increasing importance. They offer the possibility to adjust specific stiffness and strength. 

Sheet Moulding Compound (SMC) in particular has been known for many years. Through a combination of discontinuous glass 

fibre SMC and continuous carbon fibre SMC, it is possible to set certain mechanical properties locally. However, a large number 

of defects can occur in the production of these materials. These include geometric deviations or delaminations. Not all errors can 

be detected within a reasonable time with only one measurement system. Therefore, in this work a multi-sensor system is 

developed which can detect both internal and external defects. It has been shown that a laser light section system is suitable for 

the detection of external defects. For internal defects, thermography offers great advantages. These two measurement processes 

are thus combined in one system. Both work quickly and can be fused in a further step. The laser light section process creates a 

cloud of points (CoP), which forms the basis for the thermography data. The 2D images of thermography are mapped to the CoP 

in a fusion step and thus converted into 3D images. The analysis of the phase images make it possible to determine the depth of 

the defects. Thus, this work offers the user a simple possibility to detect and localize defects in complex components. In a further 

step, the correlation between the defects and the mechanical effects is analysed in order to be able to make a statement about the 

effects of defects. 
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1. INTRODUCTION  

The use of fibre-reinforced plastics makes it possible to reduce the weight of components. However, the use of these materials is 

usually associated with high costs. [1,2] 

Sheet Moulding Compound (SMC) is known for its very good surface properties and fast processability, which is why it is 

mainly used in the automotive industry. Nevertheless, the mechanical properties for structural components are insufficient, so 

that, so far, this material has only been used for simple components [3]. To avoid this disadvantage, the already widely used 

glass fibre SMC is locally reinforced with carbon fibre SMC. The local amplification of discontinuous SMC with continuous 

carbon fibre SMC makes it possible to locally amplify components and thus increase their mechanical properties. This allows 

SMC to be used for structural components. However, this can lead to a large number of errors [4], which are analysed in more 

detail in this paper. 

2. CHALLENGES OF CONTINUOUS-DISCONTINUOUS SHEET MOULDING COMPOUND 

The use of fibre-reinforced plastics is usually motivated by a desire to reduce weight. Compared to metals, significant weight 

savings are achieved. This is shown in Fig. 1. Glass fibre reinforced plastics (GFFP) can save up to 70% in weight compared to 

steel components. With unidirectional carbon fibre materials (CFRP) even up to 75% are possible. However, the costs must be 

considered. The material and production costs are up to 8 times higher than for steel. This highlights that quality assurance 

measures need to be introduced in the process chain as early as possible to detected errors early and thus prohibit unnecessary 

value adding. [1,5] 
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Fig. 1 Weight saving potential and costs of different metals, GFRP and unidirectional CFRP [1,5] 

The manufacturing process of discontinuous glass fibre SMC with continuous carbon fibre SMC is divided into two steps. First, 

the semi-finish is produced. In a second step, the glass fibre SMC is locally reinforced and pressed with carbon fibre SMC. The 

production process is shown in Fig. 2. 

 

Fig. 2 Continuous discontinuous SMC manufacturing process according to [6] 

Due to the complex material behaviour of the SMC, a large number of defects can occur during the manufacturing process. 

Besides foreign objects and wrinkles, surface deviations, delaminations and air inclusions are common errors. [7]. By using 

continuous carbon fibre SMC, errors such as incorrect fibre orientation or gapping must also be taken into account. The defects 

can be divided into two groups, internal and external defects. Fig. 3 provides an overview of the possible defects and their 

classification. 
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Fig. 3 Classification of external and internal defects with continuous discontinuous SMC according to [8] 

In order to detect both internal and external defects, it is necessary to identify suitable measuring and testing systems. Possible 

measuring and testing methods are explained in the following chapter. 

3. MEASURING AND TESTING METHODS 

In order to measure and check the number of possible defects, systems must be identified which, in addition to the internal and 

external defects, also fulfil certain boundary conditions. These boundary conditions are a short measuring time and the 

possibility to examine components of a certain size. As quality assurance takes place inline, not only final components are tested, 

but also semi-finished materials. Thus it is not possible to approach the components tactile due to its sticky consistency. Possible 

procedures are shown in Figure Fig. 4. 

 

 

Fig. 4 Overview of non-contact measuring methods according to [8] 

Not all of the methods presented can fulfil the required boundary conditions. For example, eddy current testing is only suitable 

for electrically conductive materials, which excludes e.g. fiberglass SMC testing[7]. Strip light projection and image processing 

methods are well suited for the external defects, but compared to the other methods they show clear deficits in the measurement 

time and maximal possible component size[9,10]. With computed tomography it is possible to detect internal defects, but only in 

exchange for a long measuring time. Furthermore, inline capability is not guaranteed for CT. The ultrasonic method has clear 

disadvantages with regard to component size and measuring time and is not suitable for the examination of the semi-finish due to 

contamination with a coupling agent [11]. 

With the laser light section system, external defects can be detected and the boundary conditions are fulfilled. This method 

creates a 3D point cloud [10]. The thermal method of thermography is suitable for internal defects [11]. The properties of 
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individual methods are shown again in Fig. 5 and give an overview of the suitability of the methods and the selection of the two 

suitable methods. 

 

 

Fig. 5 Selection of measuring and testing methods according to [8] 

Laser light section and thermography are suitable methods [6,9,10]. These systems can quickly detect the components and meet 

all necessary requirements [12]. Therefore, a multi-sensor system is designed which uses these two methods. 

4. MULTI-SENSOR SYSTEM 

An implementation of the proposed multi-sensor system is shown in Fig. 6. It consists of two laser light sectioning systems to 

avoid shadowing effects, allowing the examination of more complex components [12], as well as a pulse-phase thermography 

system. Both methods are attached to a portal in order to realize a common axis of motion and thus enable data fusion. The 

construction is implemented and integrated with Edevis, a company specializing in thermography systems for measurement 

applications. By combining two systems in one portal construction it is possible to use the same coordinate system for both 

systems. The information fusion is then evaluated using MATLAB from MathWorks. The components are tested sequentially. 

First the geometry is determined with the use of the laser light section method and then several thermographic images are used to 

determine internal defects. 
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Fig. 6 Multi-sensor system with laser light section and thermography [13] 

5. DATA FUSION 

The concept of data fusion makes it possible to gain new or more precise knowledge about physical quantities by using different 

sources of information. It is possible to save time and money. Output data can be raw signals from sensors, but also 

mathematically or verbally described properties of objects. [14] 

For holistic quality assurance, the data from the laser light sectioning process and the thermography process are to be fused. This 

improves the capability of locating internal defects. The data fusion is carried out in four steps (Fig. 7).  

 

 

Fig. 7 Data fusion process steps [14] 

Detection is no longer part of the data fusion process, but is the final step in which an interpretation is already necessary and 

possible. 

The process of data fusion of laser light section and thermography in this case is described in detail in Fig. 8. 
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Fig. 8 Data fusion process of laser light section system and thermography according to [15] 

The data must be preprocessed after data acquisition. First a 3D scan of the component in the form of Cloud of Points is created 

by both laser light section systems (see Fig. 9). Registration is done by using the same coordinate system. 

 

 

Fig. 9 Cloud of points of the demonstrator component, captured with 2 laser light section systems [15] 

With the help of a chessboard pattern, images for the calibration of the thermographic camera are taken firstly during data 

acquisition. Afterwards, further individual images of the component are captured. The portal design makes it possible to 

determine the relative movement between the individual images.  

During preprocessing, the image distortions of the thermographic camera are determined and the registration bodies are detected. 

Aluminium cylinders are used as registration bodies, which are registered by both systems. A 3D cylinder is recorded by the 

laser light section method, in which the centre of the cylinder cover surface is determined. For 2D thermographic images, the 

centre of the cylinder cover surface must be specified. The image of the cylinders by laser light section and the cylinder surface 

area in thermography are shown in Fig. 10. 

 

 

Fig. 10 Detection of reference bodies by laser light section system (a) and thermography (b) [15] 
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The third step is registration. The extrinsic parameters of all images are determined. Subsequently, the fusion of thermographic 

images and 3D laser scan can be carried out. Due to the reference marks, the cylinders, a registration and thus a fusion is 

possible. The camera positions of the thermographic camera are shown in Fig. 11. 

 

 

Fig. 11 Visualization of the positions of the thermographic camera [15] 

The aim of the fusion is to convert 2D thermographic images into 3D images and thus to realize a better localization of the 

internal defects. Furthermore, the distance between the defects can be determined by combining data of the laser light section 

system and the thermography.  Nevertheless, it is still unknown which dependencies exist between external and internal defects. 

The fusion of laser light section data with thermographic images is shown in Fig. 12. 

 

 

Fig. 12 Fusion of 2D thermographic images to 3D thermographic images [15] 

Fusion is possible through the individual images of the laser light section system and thermography. It is relevant in this case that 

both systems detect the reference bodies and use them for registration. The registration bodies serve as a starting point and by 

using the coordinate system further images can be added.  

In order to determine depth information, the thermographic images must be further analysed in a next step. For this purpose, the 

temperature-time profile of a thermographic image is transferred into phase and amplitude images by a Fast Fourier 

transformation. The phase images are less noisy than the temperature-time profiles. An exact frequency can be assigned to each 

phase image. Deeper layers of the component are associated to low frequencies and the component surface to higher frequencies. 

Using this trait of thermographic images, several slices of thermographic images are generated to obtain depth information on 

the defects. This segmentation process is strongly dependent on the material at hand. Fig. 13 shows an exemplary visualization 

of two overlaid 3D thermographic images. 
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Fig. 13 slice image of two 3D thermographic images at different frequencies [8] 

6. CONCLUSION AND OUTLOOK 

In this paper it is shown that an increase in mechanical properties can be achieved by combining discontinuous glass fibre SMC 

and continuous carbon fibre SMC. This mixed material contains a multitude of different defects that have to be detected. With 

the use of data fusion of laser light section and thermography, a method is shown to detect and correlate possible external and 

internal defects.  

A design of a sensor using the method is proposed. It contains two laser light section systems and a thermography camera. The 

laser light sectioning cameras create a cloud of points, which maps the 3D geometry of the component. 2D images of 

thermography are then converted into 3D images with the use of the 3D geometry obtained from the laser light sectioning system 

by means of data fusion.  

The evaluation of the thermographic images as a frequency image makes it possible to record depth information. With the 

application of this depth information, individual thermographic images can be displayed as slice images. Thus, external and 

internal component structures can be analysed in an integrated manner. In future the measurement uncertainty of the laser light 

sectioning system, the thermographs and the fused images needs to be assessed. 
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